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Key indicators: single-crystal X-ray study; T = 295 K; mean o-(C-C) = 0.009 A; 
R factor = 0.047; wR factor = 0.112; data-to-parameter ratio = 15.6. 



The title compound, [Cu4Cl g (C 6 H 14 N 4 02)4], contains four 
molecules in the asymmetric unit. In the molecular structure, 
each of the four Cu 2+ ions binds to three CI atoms, one N atom 
and one O atom, resulting in distorted square-pyramidal 
coordination environments. The molecular structure is stabi- 
lized by weak C— H- ■ O and N— H- ■ CI hydrogen bonds. The 
crystal structure exhibit weak intermolecular N— H- ■ O, C— 
H- ■ O and N— H- ■ CI interactions, generating a three- 
dimensional network. 

Related literature 

For general background of copper derivatives, see: Baran 
(2004); Sorenson (1976). For related structures, see: Ramas- 
wamy et al (2001); Sridhar et al (2002); Sun et al. (2005); Wang 
et al. (2012). 




Experimental 

Crystal data 

[Cu 4 Cl 8 (C 6 H 14 N40 2 )4] 
M, = 1234.65 
Monoclinic, P2 1 
a = 11.9315 (8) A 
b = 12.8805 (10) A 
c = 15.3949 (13) A 
/3 = 99.271 (4)° 

Data collection 

Bruker Kappa APEXII 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
= 0.655, T max = 0.708 

Refinement 

R[F 2 > 2a(F 2 )] = 0.047 

wR(F 2 ) = 0.112 

S = 0.98 

8443 reflections 

541 parameters 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2335.0 (3) A 3 
Z = 2 

Mo Ka radiation 
/x = 2.32 mm~' 
T = 295 K 

0.20 x 0.18 x 0.16 mm 



16238 measured reflections 
8443 independent reflections 
6378 reflections with / > 2a(l) 
R iM = 0.053 



Ap max = 0.98 e A 

Ap mi „ = -0.54 e A~ 3 

Absolute structure: Flack (1983), 

2876 Friedel pairs 
Absolute structure parameter: 

-0.005 (13) 
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Symmetry codes: (i) 


-x,y + t 


-z + 1; (ii) 


-x + 2,y- 


\, -z + 2; 


(ii.) 


-x + l,y-i -z + 1; (iv) 


-x + l,y + 


\,-Z + Z; (v) 


x-l,y,z- 


; (vi) x,y + 


l,z; 


(vii) x, y — 1, z\ (viii) 


-x + l,y 


-L-Z + 2; 


(ix) —x, y - 


- h -z + 1; 




-x + 2,y+\, -z + 2;(xi) 


-x + l,_v+i 


-z + 1; (xii) x + l.y,z + 1. 







Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009); software used to prepare material for 
publication: SHELXL97. 
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Acta Cryst. (2013). E69, m583-m584 [doi:10.1107/S1600536813026780] 

Bis(//-L-arginine-A: 3 N 2 r O:O f )bis(L-arginine-/f 2 N 2 r O)tetra-//-chlorido- 
tetrachloridotetracopper (I I) 

P. Arularasan, B.Sivakumar, G. Chakkaravarthi and R. Mohan 

1 . Comment 

Copper complexes exhibit wide spectrum of effects such as anti-inflammatory, anti-cancer, anti-convulsant and anti- 
tumoral activities (Baran, 2004; Sorenson, 1976). 

Four title molecules are present in the asymmetric unit. In the molecular structure a each copper atom binds to three CI 
atoms and one N and one O atoms from organic ligand (Fig. 1), resulting in a distorted square-pyramidal coordination 
environment. In the molecular structure of title compound the bond distances of Cu — O lies in interval 1 .954 (4)A- 
1.966 (4)A, Cu— N - 1.978 (5)A-1.993 (5)A and Cu— CI - 2.2383 (17)A-2.2867 (16)A, and are in the normal range 
compared to the reported complexes (Sun et al, 2005; Wang et al, 2012). The geometric parameters of Z-arginium 
moiety in title molecules are agree well with the reported similar structures (Ramaswamy et al, 2001; Sridhar et al., 
2002). 

The molecular structure is stabilized by weak C — H---0 and N — H-Cl hydrogen bonds and the crystal structure is 
influenced by weak intermolecular N — H— O, C — H— O and N — H— CI (Table 1) interactions to generate a three 
dimensional network. 

2. Experimental 

The title salt was synthesized from the starting materials of i-arginine (1.7420 g) and copper dichloride dihydrate 
(1.7048 g) taken in water solvent system. Single crystals suitable for X-ray diffraction were grown by slow evaporation 
technique at room temperature. 

3. Refinement 

The H atoms were positioned geometrically, with C — H = 0.97A-0.98A and N — H = 0.86A-0.90A, and allowed to ride 
on their parent atoms with C/ iso (H) = 1 2U eq (C, N). 

Computing details 

Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT (Bruker, 2004); data reduction: SAINT (Bruker, 2004); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009); software used to prepare material for publication: 
SHELXI97 (Sheldrick, 2008). 
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Figure 1 

The molecular structure of title compound with the atom numbering scheme. Displacement ellipsoids are drawn at the 
30% probability level. The H atoms are presented as a small spheres of arbitrary radius. 

Bis(^-/.-arginine-K 3 iV 2 ,0:0')bis(/.-arginine-»f 2 iV 2 ,0)tetra-^-chlorido-tetrachloridotetracopper(ll) 



Crystal data 

[CU4C1 8 (C 6 H 14 N 4 0 2 )4] 
M T = 1234.65 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a= 11.9315 (8) A 
b= 12.8805 (10) A 
c= 15.3949 (13) A 
R = 99.271 (4)° 
F= 2335.0 (3) A 3 
Z=2 

Data collection 

Broker Kappa APEXII 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co- and (jo-scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
r mm = 0.655, r max = 0.708 



F(000) =1256 

D x = 1.756 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 8444 reflections 

0= 1.3-27.6° 

ju = 2.32 mnT 1 

7=295 K 

Block, blue 

0.20 x 0.18 x 0.16 mm 



16238 measured reflections 
8443 independent reflections 
6378 reflections with/> 2a{I) 
R mt = 0.053 

#max = 27.6°, Omin = 1.3° 

/* = -ll-»-15 
£=-16->ll 
1 = -19->20 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 1 )] = 0.047 
wR(F 2 ) = 0.112 
5=0.98 
8443 reflections 
541 parameters 
0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional 7?-factors R are based on F, with F set to zero for negative F. The threshold expression of F 1 > oiF 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based 
on F 2 are statistically about twice as large as those based on F, and 7?-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/KiV) + (0.0439P) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/ < r) max < 0.001 
A/w = 0.98 e A" 3 
A/w = -0.54 e A~ 3 

Absolute structure: Flack (1983), 2876 Friedel 
pairs 

Absolute structure parameter: -0.005 (13) 
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Hob 


A O OH 1 

0.8861 


a 0 £1 an 

0.8697 


1 AC 1 O 

1.0518 


A A/TAsts 

0.060* 


"N.TA 

JN9 


a jcoi/c: //i \ 
0.6516 (4) 


A 1 /I OO" i A \ 

0.142 / (4) 


0.5Z3 / (3) 


A A1 /CO n T\ 

0.0362 (13) 


T TA/"< 

H9C 


a Tin 1 

0.7201 


A 1 /""O /I 

0.1634 


A TO 1 1 

0.7811 


A A A O ± 

0.043* 


H9D 


0.7245 


0.0957 


0.8573 


n A/IT* 

0.043* 


XT 1 A 
JN 1U 


U.6912 (4) 


— U.2o4o (4) 


A QH A1 t A\ 
0.8 /42 (4) 


A A/1AO /1 A\ 

U.U4U8 (14) 


H10 


0.7525 


-0.2473 


0.8552 


A A/IAit 

0.049* 


Nil 


A frt1 1 f A\ 

0.5912 (4) 


A 1 AA /I \ 

-0.3904 (5) 


A A")AO / A\ 

0.9308 (4) 


A AC 1 "7 / 1 "7 \ 

0.0517 (17) 


Hi 1C 


0.5566 


—0.4523 


A AC 1 A 

0.9510 


A A/CO * 

0.062* 


T T 1 1 T~\ 

H11D 


(J. 5336 


—0.3495 


A A1£'5 

0.9263 


A A/CO A 

0.062* 


N12 


a in C C { A\ 

0.7755 (4) 


A /I 1 A1 / A \ 

-0.4191 (4) 


A A1 

0.9132 (4) 


0.0466 (15) 


i_ri i a 
H12A 


A 00"OA 

0. / /30 


A A O 1 1 
— U.4ol3 


A A1 1 1 

U.9331 


U.U30* 


H12B 


0.8368 


-0.3963 


a 0 mi 

0.8972 


0.056* 


XT1 1 

JN 1 J 


0.2093 (4) 


A 1 A/C1 { A\ 

U.19oi (4) 


U.353 j (3 J 


A AT2A /1 
U.U33U (13) 


H13A 


A o /I 1 o 

0.2418 


A O O 1 A 

0.2219 


A •"> A AO 

0.3093 


0.040* 


H13B 


0.2604 


0.1549 


0.3864 


A A/IAifc 

0.040* 


XT 1 A 

JN 14 


a icn //i \ 
U.lMz (4) 


—0.2119 (4) 


A 1 A 1 O /"I A 

0.3432 (3) 


A AO O O" / 1 O \ 

0.033 / (13) 


T T 1 A A 

H14A 


A O 1 AO 

0.2108 


A 1 7AA 

-0.1799 


0.3326 


A A A Asts 

0.040* 


N15 


0.2627 (4) 


A O C AC /C\ 

-0.3505 (5) 


a *) An / /i \ 

0.3923 (4) 


A A A OO / 1 

0.0483 (16) 


TT1 

H15C 


A O O 1 O 

0.3212 


—0.3184 


0.3796 


A AC O sts 

0.058* 


Hi jJJ 


A O/CAA 

0.2699 


—0.411 / 


t\ At AH 

0.414 / 


A ACO* 

0.055* 


XT1 £ 

JN lo 


A AH 1 /T ( A\ 

0.0 /16 (4) 


A TC/n /C\ 

—0.3562 (5 J 


(J. 3939 (4) 


A AC A/T /I /:\ 

0.0506 (16) 


t_ti £17 

Hlob 


0.0055 


— 0.32s 1 


A 1 OOI 

0.3523 


A A/C 1 * 

0.061 * 


T T 1 z:T7 

HI or 


0.0790 


A A 1 h c 

-0.4175 


A A 1 £1 

0.4163 


0.061* 


(Jl 


U.iioo (3) 


0.2o3 / (3) 


0.6296 (3) 


A AO CO ( 1 A\ 

0.0353 (10) 


U2 


U.o4 /z (3) 


A TQf n SA\ 

U.3o_>9 (4) 


(J. 69 /o (4J 


A /I 0\ 

0.052 / (13) 


U3 


1 A1AO /"3 \ 

1.U198 (3) 


A OAT 1 

O.zU/1 (3) 


1.1024 (3) 


A AO OO / 1 A\ 

0.0332 (10) 


U4 


1.1221 (3) 


a m a 
0.3230 (4) 


1.186/ (3) 


A AO OA / 1 I \ 

0.0389 (11) 


CO 


U.495 / (3) 


U.2443 (4) 


U.542o (3J 


a c\a / 1 1 \ 
0.0406 (11) 


uo 


U.3619 (3) 


A 1 £A1 /A\ 

U.13U1 (4) 


(J. /46o (3J 


a f\A nn / 1 1 \ 
0.0400 (11) 


U / 


U.Ulzo (3) 


U.2o3o (3) 


A 1 0*7 C /I \ 

0.35 /5 (3J 


A AO O C ( 1 A\ 

0.0335 (10) 


Uo 


A AA 1 O /Ti 
— U.U91B (3) 


A 1 cnc { A\ 

0.1593 (4) 


A O AC 1 ^1 \ 

0.2951 (3) 


A (\A AA / 1 1 \ 

0.0400 (11) 


Cll 


a 1 mi 1 /1 1 \ 
0.19231 (11) 


0.1 /251 (13) 


A C/COIC /1 AA 

0.56535 (10) 


A A1 A 1 (A \ 

0.0343 (4) 


Clz 


A A 1 1 AA /"1 1\ 

U.43 1UU (13) 


U.U9jd4 (13) 


(J. 50464 (12J 


A C\A 1 O ( A\ 

0.0419 (4) 


C13 


A A1 OCC / 1 /I \ 
0.91OJJ (14) 


A A1 O OA /1 1\ 

U.U3289 (13) 


AAOOO/I m\ 

0.95254 (12) 


A A/1C/C ( A\ 

0.0456 (4) 


C14 


A /CTAA 1 / 1 0\ 
O.O /991 (12) 


U.1U661 (13) 


1.04626 (12) 


A AO OI (A \ 

0.0351 (4) 


CO 


U.6U355 (14) 


0.3/ /9/ (13) 


A C\C\A AO /1 0\ 

0.99408 (12) 


A A/1 1 O ( A\ 

0.0419 (4) 


Clo 


U.o3o2 / (11) 


A 1AAC5 /1 A\ 

0.3U9j3 (14) 


A A 1 A *7A / 1 1 \ 

0.914/0 (11) 


A AO O A (A \ 

0.0354 (4) 




fl 14^1 7 (\ X\ 

U.JtJ 1 / 11 J 1 


n ^81 so n zn 

U.JOlOVf 1 ItJ 




u. uttu \ ) 


C18 


0.11091 (14) 


0.44053 (13) 


0.50966 (12) 


0.0435 (4) 


Cul 


0.37830 (6) 


0.22228 (5) 


0.58961 (5) 


0.03038 (19) 


Cu2 


0.86295 (6) 


0.16497 (6) 


1.06027 (5) 


0.03005 (18) 


Cu3 


0.65413 (6) 


0.26337 (6) 


0.89680 (5) 


0.0352 (2) 


Cu4 


0.16845 (6) 


0.31178 (6) 


0.42699 (5) 


0.03190(19) 



Atomic displacement parameters (A 2 ) 



£/» [722 ^33 jjn ya ya 

CI 0.029 (3) 0.031 (4) 0.034 (4) -0.006 (3) 0.005 (3) -0.004 (3) 

C2 0.029 (3) 0.033 (4) 0.026 (3) -0.003 (3) 0.003 (2) -0.001 (3) 

C3 0.032 (3) 0.035 (4) 0.033 (4) 0.001 (3) 0.004(3) -0.002 (3) 
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f • A 


A A A 1 / /I \ 

(J. 041 (4) 


A AT £L / A \ 

0.036 (4) 


A A A C ( A \ 

0.045 (4) 


A A A 1 /T \ 

0.001 (3) 


A AO A /T \ 

0.020 (3) 


A AAO /T\ 

—0.008 (3) 


L5 


A A A 1 /"/I \ 

0.041 (4) 


A Az^A /C\ 

0.060 (5) 


0.066 (5) 


A A 1 O f A\ 

0.018 (4) 


A AO £L / A \ 

0.026 (4) 


A AOA / A\ 

0.020 (4) 


Co 


A AT C /T \ 

0.035 (3) 


A A/11 { A \ 

0.042 (4) 


A ATT / A \ 

0.033 (4) 


A AAA /T\ 

0.000 (3) 


A A 1 T /T A 

0.012 (3) 


A A A A /T \ 

0.004 (3) 


L7 


a h /t \ 

0.027 (3) 


A ATA / A\ 

0.030 (4) 


A ATA /T\ 

0.029 (3) 


A A A 1 /T\ 

-0.001 (3) 


A AA/1 /T\ 

0.004 (2) 


A AAT /T\ 

0.002 (3) 


C8 


A AO T /T \ 

0.027 (3) 


A ATA /T \ 

0.030 (3) 


A AT 1 /T \ 

0.031 (3) 


A AA1 /T\ 

0.007 (3) 


A AAC ZO\ 

0.005 (2) 


A AAT /T\ 

0.003 (3) 


C9 


A A /I /I / ,4 \ 

0.044 (4) 


A AO A / A \ 

0.029 (4) 


A AT T ( A\ 

0.033 (4) 


A A AT /T\ 

0.007 (3) 


A AAT /T\ 

0.003 (3) 


A AAT /T\ 

-0.003 (3) 


CIO 


A A A A / A\ 

0.044 (4) 


A AT C S A \ 

0.035 (4) 


A AT Z' / A \ 

0.036 (4) 


A AAA /T\ 

0.009 (3) 


A AAA /T\ 

0.009 (3) 


A A A 1 /T\ 

0.001 (3) 


pi i 

Cll 


a at a {") \ 

0.034 (3) 


A AT O / A \ 

0.038 (4) 


A A A H / A\ 

0.047 (4) 


A A 1 A /T \ 

0.010 (3) 


A A 1 A /T \ 

0.010 (3) 


A AAO /T\ 

-0.002 (3) 


C12 


a at a /t \ 
0.036 (3) 


A All / A\ 

0.02 / (4) 


A A/n / A\ 

0.042 (4) 


A AA1 /T\ 

—0.001 (3) 


A AAC /TA 

0.005 (3) 


A AAT /T\ 

—0.00 / (3) 


nil 

L13 


a m a ("i \ 

0.030 (3) 


A AT C { A \ 

0.035 (4) 


A AT C ( A \ 

0.035 (4) 


A A AO /T\ 

-0.002 (3) 


A AAO /T \ 

0.008 (3) 


A AAO /T \ 

0.008 (3) 


L14 


a at a /") \ 

0.029 (3) 


A A1 A t A \ 

0.034 (4) 


A ATA /T \ 

0.030 (3) 


A AAT /T A 

0.003 (3) 


A AA/1 /T\ 

0.004 (2) 


A AAT /T\ 

-0.002 (3) 


L15 


0.031 (3) 


A A A 1 ( A\ 

0.041 (4) 


A AT C / A \ 

0.036 (4) 


A A A A /T A 

-0.004 (3) 


A A A A /T A 

0.004 (3) 


A AAA /T\ 

0.000 (3) 


C16 


a at o //i \ 
0.038 (4) 


A A A A ( A\ 

0.044 (4J 


A A/17 iA \ 

0.04/ (4) 


A A A 1 /T ^ 

0.001 (3) 


A A 1 A /T\ 

0.010 (3) 


A AAC /1\ 

0.005 (3) 


C17 


a m z: /t \ 

0.036 (3) 


A AT T i A\ 

0.033 (4) 


A AC/: /r\ 

0.056 (5) 


A A AO /T\ 

0.002 (3) 


A A 1 A /T\ 

0.010 (3) 


A AAC /A \ 

0.005 (4) 


/~i 1 O 

L18 


A A1 T /T \ 

0.027 (3) 


A A1 O f A \ 

0.028 (4) 


A A A O ( A\ 

0.042 (4) 


A AAT /T\ 

0.003 (3) 


A AAT /T\ 

0.003 (3) 


A AAT /T\ 

-0.003 (3) 


L19 


a m a /t \ 

0.030 (3) 


A AT A ( A\ 

0.030 (4) 


A A1£ /T \ 

0.026 (3) 


A AAT /T\ 

0.003 (3) 


A A A 1 /T \ 

—0.001 (3) 


A AAA /T\ 

0.009 (3) 


C20 


A AO /I /")\ 

0.024 (3) 


A A*} "7 //I \ 

U.Uj / (4) 


A AT T /T \ 

U.UZj (3) 


A AAT /T\ 
— U.UU2 (3) 


A AA 1 ZO\ 

—0.001 (2) 


A AAT /T\ 

U.Vvl (3) 


PO i 

C21 


a /t\ 

0.029 (3) 


A AT /I / /I \ 

0.034 (4) 


A AT A i A \ 

0.034 (4) 


A A A C /T\ 

0.005 (3) 


A AAO ZO\ 

-0.002 (2) 


A A A 1 /T \ 

0.001 (3) 


/""I o o 

G22 


A A A O / /I \ 

0.042 (4) 


0.036 (4) 


0.036 (4) 


A AAT /T\ 

0.007 (3) 


A AAO /T\ 

-0.008 (3) 


A AAT /T\ 

-0.003 (3) 


C23 


0.032 (3) 


A AT 1 / /I \ 

0.032 (4) 


0.066 (5) 


A AAO /T\ 

0.002 (3) 


A AAO /T\ 

0.002 (3) 


A AAzT /T\ 

-0.006 (3) 


C24 


a at 1 /t \ 
U.U31 (3) 


A AT C //I \ 

U.Uj5 (4) 


A A/1 A ( A\ 

U.U4U (4) 


A AA1 

-U.UU1 (3) 


A A 1 T /"T\ 
U.U13 (3) 


A AAA /T\ 
U.UUU (3) 


Nl 


n a /t\ 

0.020 (2) 


A A") C /T \ 

0.035 (3) 


A AT A /T \ 

0.034 (3) 


A AAT /T\ 

0.002 (2) 


A AAT /T\ 

0.002 (2) 


A AA 1 /T \ 

0.00 1 (2) 


N2 


A A T O /T \ 

0.032 (3) 


A All /T \ 

0.032 (3) 


0.064 (4) 


A AA A /T\ 

0.004 (3) 


A AOO /T\ 

0.022 (3) 


A AA O /T \ 

0.008 (3) 


XTT 

N3 


A A A T ( A \ 

0.047 (4) 


A A C A / A \ 

0.050 (4) 


A AAA / £L\ 

0.099 (6) 


A A A 1 /T \ 

0.001 (3) 


A AO C ( A\ 

0.025 (4) 


A AOA / A\ 

0.029 (4) 


XT A 

JN4 


A A/1 T f1\ 

U.U43 (3) 


A AT Q S1\ 

0.038 (3J 


A AC£ //l\ 

U.U56 (4) 


A AAC 11\ 

U.UU5 (3) 


A A1 A 

U.U14 (3) 


A AAA /T\ 
U.UU9 (3) 


N5 


A AT) /T\ 

0.023 (2) 


A AT A /T \ 

0.034 (3) 


A AT A /T \ 

0.034 (3) 


A AAT /T\ 

0.003 (2) 


A AAT /T\ 

0.002 (2) 


A AA 1 /T\ 

—0.001 (2) 


XT/" 

N6 


A A T O /I \ 

0.032 (3) 


0.034 (3) 


0.053 (4) 


A A 1 A /O \ 

0.010 (2) 


A AOA ZO\ 

0.020 (2) 


A AAT /T\ 

0.007 (3) 


XTT 

N7 


A A1 A /T \ 

0.039 (3) 


A AT) /T \ 

0.032 (3) 


A A/TO / /I \ 

0.068 (4) 


A AAA /T\ 

0.000 (3) 


A A 1 T /T \ 

0.013 (3) 


A A 1 T /T\ 

0.013 (3) 


No 


A AT C /T\ 

U.U35 (3) 


A ACA f A\ 

U.U5U (4) 


U.U6 / (4) 


A AAC /T\ 

U.UU5 (3) 


A A1 A /T\ 
U.U19 (3) 


A ATA /T\ 
U.UZU (3) 


N9 


A AO A /O \ 

0.024 (2) 


0.046 (3) 


A ATA /T \ 

0.039 (3) 


A AAO /ON 

0.002 (2) 


A AA/" ZO\ 

0.006 (2) 


A AAT /T\ 

0.003 (3) 


XT 1 A 

N10 


A AT C /I \ 

0.035 (3) 


A AO O /T \ 

0.028 (3) 


A A^O / /I \ 

0.062 (4) 


A A A 1 /T \ 

0.001 (3) 


A A 1 C /T \ 

0.015 (3) 


A AAA /T\ 

0.009 (3) 


XT 1 1 

Nil 


A AT C /T\ 

0.035 (3) 


A A A *7 / /I \ 

0.047 (4) 


0.075 (5) 


A A A A /T\ 

0.004 (3) 


A A 1 A t*> \ 

0.014 (3) 


A AT C /T \ 

0.025 (3) 


XT1 T 


A A/IT /"3\ 

U.U42 (3 ) 


A AT/1 /'TA 
U.U34 (j ) 


A AAC //1\ 

U.U65 (4) 


A Afl/I i1\ 

U.UU4 (3) 


A A 1 T \ 

U.U12 (3 ) 


A A 1 T /'TA 

U.U12 (3 ) 


N13 


A AOT ZO\ 

0.027 (2) 


A AT O /T \ 

0.038 (3) 


0.034 (3) 


A AA1 ZO\ 

-0.00 1 (2) 


A AAT ZO\ 

0.003 (2) 


A AAA ZO\ 

0.000 (2) 


XT 1 A 

JN14 


A AT 1 

0.031 (3) 


A AO /I /T \ 

0.024 (3) 


A A A *7 /T \ 

0.047 (3) 


A A A A ZO\ 

-0.004 (2) 


A A 1 A /OA 

0.010 (2) 


A AAT ZO\ 

0.003 (2) 


XT 1 C 

N15 


A A") O /T \ 

0.038 (3) 


A AT A /T\ 

0.034 (3) 


A A"7 /I / /I \ 

0.074 (4) 


A A A A /T \ 

0.004 (3) 


A A 1 T /T \ 

0.013 (3) 


A A 1 /I /T\ 

0.016 (3) 


JN16 


0.036 (3) 


A AC A {A \ 
U.U5U (4) 


A (\HH 1 A \ 

U.U6 / (4) 


A AAT /T\ 
U.UU3 (3) 


A A 1 O /T \ 

0.012 (3) 


A AOT /T\ 

0.02 / (3) 


Ol 


A A 1 OT / 1 A\ 

0.0183 (19) 


A ATA /T\ 

0.029 (2) 


A AC O /T \ 

0.058 (3) 


A AATO /1 A\ 

0.0028 (19) 


A A AC "7 / 1 OA 

0.0057 (18) 


A AA/1 ZO\ 

0.004 (2) 


U2 


A AT"7 /T\ 
U.02 / (2) 


A ACT /T \ 

U.U52 (3) 


A (\HH i A \ 
U.U / / (4) 


A AA1 /T\ 

-U.UU1 (2) 


A AAT /T\ 

U.Uui (2) 


A AT 1 /T \ 
— U.U21 (3) 


U3 


A AT /I /T\ 

U.U24 (2) 


A ATT /T\ 

U.U32 (3) 


A A/1 T /T\ 

U.U43 (3) 


A AA/l A A\ 

U.UU44 (19) 


A AA/1 A /1 OA 

U.UU4U (le) 


A AA/1 /T\ 

— U.UU4 (2) 


U4 


A ATA /T\ 

U.U3U (2) 


A A/I T /T\ 

U.U43 (3) 


A A -1 T /T \ 

U.U43 (3) 


A AAT /T\ 

—u.vvZ (2) 


A AAT T / 1 A\ 

U.UU33 (19) 


A AAT /T\ 

— U.UU2 (2) 


(J5 


A Alt' /T\ 

U.U2S (2) 


A A/I T /T \ 

U.U43 (3) 


A A -1 A /T A 

U.U49 (3) 


A AAO /TA 

U.UUs (2) 


A AAAT { 1 A\ 

U.UUU3 (19) 


— U.UU6 (2) 


U6 


A Alt' /T\ 

U.U2o (2) 


A ACiC /T \ 

U.U56 (3) 


A AT /I /T\ 

U.U34 (3) 


A AA1 /T\ 

-U.UU1 (2) 


A AAA/1 /1 OA 

U.VvvQ (15) 


A AAT 

U.UU3 (2) 


(J / 


A An C / 1 A\ 

U.U225 (19) 


A A/1 A /T \ 

U.U4U (3) 


A ATT /T A 
U.U3 / (3) 


A AAO 1 { 1 A\ 

U.UUsl (19) 


A AAT / 1 H\ 

U.Vvio (1 /) 


A AA/1 /TA 
— U.UU4 (2) 


08 


0.022 (2) 


0.045 (3) 


0.051 (3) 


0.000 (2) 


-0.0017(19) 


-0.004 (2) 


Cll 


0.0237 (7) 


0.0420 (9) 


0.0365 (9) 


-0.0043 (7) 


0.0025 (6) 


0.0038 (8) 


Cl2 


0.0402 (9) 


0.0365 (10) 


0.0507 (11) 


0.0044 (7) 


0.0128 (8) 


-0.0058 (8) 


Cl3 


0.0485 (9) 


0.0363 (10) 


0.0555 (11) 


0.0023 (8) 


0.0191 (8) 


-0.0112(8) 


Cl4 


0.0292 (7) 


0.0412(10) 


0.0442 (10) 


-0.0031 (7) 


0.0073 (7) 


0.0018(8) 
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to 


A A /I 'J A ff\\ 

o.04jO (y) 


A A1 C 1 /T\ \ 

U.U3M (^) 


A A/IOI /I A\ 

(J. 0481 (10) 


A AAO C /0\ 

0.006J (is) 


A AAAC fH\ 
0.00SO (/) 


A AA 1 A /0\ 

—0.0014 (s) 


sis 

do 


0.0277 (7) 


A A A "7 A / 1 A \ 

0.0470 (10) 


A AT AA /A\ 

0.0399 (9) 


-0.0052 (7) 


0.0037 (6) 


A AACA ZO\ 

0.0059 (8) 


CM 


U.UjDl \OJ 


n nsrn ci 1 ^ 

U.UJUJ V / 




— n 01 ^ 1 fn~\ 


0 00R1 (l\ 


—0 DOS? (SK\ 


C18 


0.0498 (10) 


0.0377 (10) 


0.0441 (10) 


0.0107 (8) 


0.0107 (8) 


-0.0012 (8) 


Cul 


0.0227 (3) 


0.0310(4) 


0.0365 (5) 


0.0014(3) 


0.0020 (3) 


-0.0018(4) 


Cu2 


0.0260 (4) 


0.0320 (4) 


0.0321 (4) 


0.0026 (3) 


0.0047 (3) 


-0.0005 (4) 


Cu3 


0.0248 (4) 


0.0364 (5) 


0.0434 (5) 


0.0027 (3) 


0.0026 (3) 


-0.0038 (4) 


Cu4 


0.0271 (4) 


0.0336 (4) 


0.0338 (4) 


0.0020 (3) 


0.0015 (3) 


-0.0009 (4) 



Geometric parameters (A, °) 



CI— 02 


1.238 (7) 


C20— C21 


1.521 (9) 


CI— 01 


1.263 (7) 


C20— H20 


0.9800 


CI— C2 


1.526 (8) 


C21— C22 


1.528 (8) 


C2— Nl 


1.483 (7) 


C21— H21A 


0.9700 


C2— C3 


1.518(8) 


C21— H21B 


0.9700 


C2— H2 


0.9800 


C22— C23 


1.515 (9) 


C3— C4 


1.515 (8) 


C22— H22A 


0.9700 


C3— H3A 


0.9700 


C22— H22B 


0.9700 


C3— H3B 


0.9700 


C23— N14 


1.462 (8) 


C4— C5 


1.506(10) 


C23— H23A 


0.9700 


C4— H4A 


0.9700 


C23— H23B 


0.9700 


C4— H4B 


0.9700 


C24— N14 


1.313 (8) 


C5— N2 


1.443 (8) 


C24— N16 


1.317(8) 


C5— H5A 


0.9700 


C24— N15 


1.324 (8) 


C5— H5B 


0.9700 


Nl— Cul 


1.993 (5) 


C6— N4 


1.323 (8) 


Nl— H1A 


0.9000 


C6— N3 


1.323 (8) 


Nl— H1B 


0.9000 


C6— N2 


1.328 (8) 


N2— H2A 


0.8600 


C7— 04 


1.236 (7) 


N3— H3C 


0.8600 


C7— 03 


1.270 (7) 


N3— H3D 


0.8600 


C7— C8 


1.535 (8) 


N4— H4E 


0.8600 


C8— N5 


1.468 (7) 


N4— H4F 


0.8600 


C8— C9 


1.504 (8) 


N5— Cu2 


1.988 (5) 


C8— H8 


0.9800 


N5— H5C 


0.9000 


C9— C10 


1.521 (8) 


N5— H5D 


0.9000 


C9— H9A 


0.9700 


N6— H6 


0.8600 


C9— H9B 


0.9700 


N7— H7A 


0.8600 


C10— Cll 


1.507 (9) 


N7— H7B 


0.8600 


C10— H10A 


0.9700 


N8— H8A 


0.8600 


C10— HlOB 


0.9700 


N8— H8B 


0.8600 


Cll— N6 


1.453 (7) 


N9— Cu3 


1.978 (5) 


Cll— H11A 


0.9700 


N9— H9C 


0.9000 


Cll— HUB 


0.9700 


N9— H9D 


0.9000 


CI 2— N8 


1.317(8) 


N10— H10 


0.8600 


CI 2— N6 


1.320 (8) 


Nil— H11C 


0.8600 


CI 2— N7 


1.321 (8) 


Nil— H11D 


0.8600 


CI 3— 06 


1.241 (7) 


N12— H12A 


0.8600 


CI 3— 05 


1.281 (8) 


N12— H12B 


0.8600 


C13— C14 


1.504 (8) 


N13— Cu4 


1.978 (5) 
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C14— N9 
C14— C15 
C14— H14 
C15— C16 
C15— H15A 
C15— H15B 
C16— C17 
C16— H16A 
C16— H16B 
C17— N10 
C17— H17A 
C17— H17B 
C18— Nil 
C18— N12 
C18— NIO 
CI 9— 08 
CI 9— 07 
CI 9— C20 
C20— N13 



1.493 (7) 
1.530 (9) 
0.9800 
1.498 (9) 
0.9700 
0.9700 
1.506 (9) 
0.9700 
0.9700 
1.444 (8) 
0.9700 
0.9700 
1.301 (8) 
1.319(8) 
1.320 (8) 
1.221 (7) 
1.285 (7) 
1.511 (8) 
1.491 (7) 



N13— H13A 
N13— H13B 
N14— H14A 
N15— H15C 
N15— H15D 
N16— H16E 
N16— H16F 
Ol— Cul 
03— Cu2 
05— Cu3 
07— Cu4 
Cll— Cul 
C12— Cul 
C13— Cu2 
C14— Cu2 
C15— Cu3 
C16— Cu3 
C17— Cu4 
C18— Cu4 



0.9000 
0.9000 
0.8600 
0.8600 
0.8600 
0.8600 
0.8600 
1.966(4) 
1.956 (4) 
1.954 (4) 
1.960 (4) 
2.2823 (15) 
2.2433 (18) 
2.2383 (17) 
2.2867 (16) 
2.2532 (18) 
2.2498 (15) 
2.2704 (16) 
2.2633 (18) 



02— CI— 01 
02— CI— C2 
01— CI— C2 
Nl— C2— C3 
Nl— C2— CI 
C3— C2— CI 
Nl— C2— H2 
C3— C2— H2 
CI— C2— H2 
C4— C3— C2 
C4— C3— H3A 
C2— C3— H3A 
C4— C3— H3B 
C2— C3— H3B 
H3A— C3— H3B 
C5— C4— C3 
C5— C4— H4A 
C3— C4— H4A 
C5— C4— H4B 
C3— C4— H4B 
H4A— C4— H4B 
N2— C5— C4 
N2— C5— H5A 
C4— C5— H5A 
N2— C5— H5B 
C4— C5— H5B 
H5A— C5— H5B 
N4— C6— N3 
N4— C6— N2 



123.8 (6) 
120.3 (6) 
115.9(5) 
113.8(4) 
107.8 (5) 

114.3 (5) 
106.8 
106.8 
106.8 
114.9(5) 
108.6 
108.6 
108.6 
108.6 
107.5 
112.5 (5) 
109.1 
109.1 
109.1 
109.1 
107.8 
111.2 (5) 
109.4 
109.4 
109.4 
109.4 
108.0 
118.8 (6) 

119.4 (6) 



H21A— C21— H21B 
C23— C22— C21 
C23— C22— H22A 
C21— C22— H22A 
C23— C22— H22B 
C21— C22— H22B 
H22A— C22— H22B 
N14— C23— C22 
N14— C23— H23A 
C22— C23— H23A 
N14— C23— H23B 
C22— C23— H23B 
H23A— C23— H23B 
N14— C24— N16 
N14— C24— N15 
N16— C24— N15 
C2— Nl— Cul 
C2— Nl— H1A 
Cul— Nl— H1A 
C2— Nl— H1B 
Cul— Nl— H1B 
H1A— Nl— H1B 
C6— N2— C5 
C6— N2— H2A 
C5— N2— H2A 
C6— N3— H3C 
C6— N3— H3D 
H3C— N3— H3D 
C6— N4— H4E 



108.0 

113.4 (5) 

108.9 

108.9 

108.9 

108.9 

107.7 

112.1 (5) 

109.2 

109.2 

109.2 

109.2 

107.9 

120.4 (6) 

119.8 (6) 
119.8(6) 
109.6 (3) 
109.8 
109.8 
109.8 
109.8 
108.2 

123.9 (6) 
118.1 
118.1 
120.0 
120.0 
120.0 
120.0 
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XTO /_ XTO 

NJ — Co — N2 


121.8 (6) 


04 — C7 — 03 


1 O O A { £\ 

123.9 (6) 


04 — C7 — C8 


119.3 (6) 


03 — C7 — Co 


llo.o (5) 


N5 — C8 — C9 


1 1 a i /r \ 
116.2 (5) 


N5 — C8 — C7 


1 AC O /C\ 

105.8 (5) 


pp\ rin /"~"7 

C9 — C8 — C7 


1 It n /c\ 

113.9 (5) 


\Tf p " o T TO 

N5 — C8 — H8 


106.8 


C9 — C8 — H8 


1 A /_ O 

106.8 


/-in p o TTO 

C7 — C8 — H8 


106.8 


C8 — C9 — CIO 


1 1 /I o /c\ 

114.8 (5) 


C8 — C9 — H9A 


1 AO £ 

108.6 


pi A f ' A TTA A 

CIO — C9 — H9A 


1 AO /T 

108.6 


p o pa t mn 

C8 — C9 — H9B 


1 AO /" 

108.6 


f • 1 pi P~" A TTA 1~1 

CIO — C9 — H9B 


108.6 


TTA * P " 1\ I [A T"> 

H9A — C9 — H9B 


107.5 


pi i rii a p i 1\ 

Cll — CIO — C9 


i n o /C\ 

112.2 (5) 


1 1 S~ ' I A T T 1 A A 

Cll — CIO — H10A 


109.2 


P* a /"I 1 /\ T T 1 A A 

C9 — CIO — HI OA 


109.2 


p 1 1 1 A T T 1 ATI 

Cll — CIO — HI OB 


109.2 


C9 — CIO — HI OB 


1 A A O 

109.2 


tti A A /~i 1 A T T 1 ATI 

H10A — CIO — HlOB 


1 AT A 

107.9 


N6 — Cll — CIO 


1 A A O / C\ 

109.8 (5) 


\T/" PI 1 TTI 1 * 

No — Cll — H11A 


1 AA T 

109.7 


p i /\ p i i nil a 

CIO — Cll — HI 1A 


1 AO 1 

ioy. / 


XT/" /~1 11 T T 1 1 1~J 

N6 — Cll — HUB 


109.7 


p i r\ p i 1 T T 1 1 

CIO — Cll — HUB 


109.7 


tti i * rii 1 TTI 1 n 

H11A — Cll — HUB 


1 AO O 

108.2 


xto rn ~k\c 
No — C12 — JNo 


HI A /^N 

121.0 (6) 


XTO P ^ 1 i XT"7 

N8 — C12 — N7 


120.5 (6) 


XTzl rin XT*7 

N6 — C12 — N7 


1 1 O C //T\ 

118.5 (6) 


06 — C13 — 05 


121.9 (6) 


06 — C13 — C14 


1 1 A 1 f£\ 

119.1 (6) 


s"\ c pi 1 i P" 1 ^ 

05 — Cl3 — Cl4 


118.9 (5) 


XTA /"i 1 /I p -1 •-> 

N9 — C14 — C13 


1 AO /i /r\ 

108.4 (5) 


XTA p 1 /I piC 

N9 — C14 — C15 


111/1 /C\ 

112.4 (5) 


p i ^> /"• i /] pi r 
C13 — C14 — C15 


1 AT 1 /C\ 

107.1 (5) 


XTA /"" < 1 /I TT1 /I 

N9 — C14 — H14 


109.6 


p -1 •-> p 1>1 T T 1 /I 

C13 — C14 — H14 


109.6 


f ' \ C p | /i TT1/1 

C15 — C14 — H14 


1 AA /" 

109.6 


C • i p fir p i /] 

C 1 6 — C 1 5 — C 1 4 


1 1 o c /c\ 

113.5 (5) 


p 1 p p~> 1 c TT 1 C A 

C16 — C15 — H15A 


1 AO A 

108.9 


/"i 1 A p | r - T T 1 C A 

C14 — C15 — HI 5 A 


1 AO A 

108.9 


C16— C15— H15B 


108.9 


C14— C15— H15B 


108.9 


HI 5 A— CI 5— H15B 


107.7 


C15— C16— C17 


111.1 (5) 


C15— C16— H16A 


109.4 


C17— C16— H16A 


109.4 



p p XT/1 TT/1T7 

C6 — N4 — H4r 


1 OA A 

120.0 


TT/1T -1 XT/1 TT/ir 

H4E — N4 — H4F 


120.0 


p o XTC P 1 

C8 — N5 — Cu2 


1 AA T \ 

109.7 (3) 


p o XTC TTCr" 

Co — N5 — H5C 


1 AA H 

109.7 


, O XTC TTf r 1 

Cu2 — N 5 — H5 C 


1 AA T 

109.7 


p o XTC TTf r\ 

C8 — N5 — H5D 


109.7 


/"■< XTC TTf r\ 

Cu2 — N5 — H5D 


1 AA T 

109.7 


TTf/~i XTC TTCF\ 

H5C — N5 — H5D 


1 AO 1 

108.2 


PH \T/; p i i 

C12 — N6 — Cll 


1 1 /I o /c\ 

124.8 (5) 


P- 1 ^ XTi' TT/ - 

C12 — N6 — H6 


117.6 


pi 1 XT/" TT/' 

Cll — N6 — H6 


in / 

117.6 


C12 — N7 — H7A 


120.0 


C12 — N / — til a 


1 OA A 

120.0 


iin * XTT TTTT) 

H7A — N7 — H7B 


1 OA A 

120.0 


p 1 -\ XTO TTO A 

C12 — N8 — H8A 


120.0 


p 1 -» XTO Tiort 

C12 — N8 — H8B 


120.0 


TTO A XTO TTOn 

Ho A — N o — HoB 


1 OA A 

120.0 


f ' i A XTA /" < -) 

C14 — N9 — Cu3 


111 -t /O \ 

111.3 (3) 


pi a XTA TTAP 

C14 — N9 — H9C 


109.4 


p, , -} XTA TTA/^ 1 

Cu3 — N 9 — H9C 


1 AA A 

109.4 


p 1 /] XTA TTATX 

C14 — N9 — H9D 


1 AA /I 

109.4 


A t XTA TTAr\ 

Cu3 — N9 — H9D 


1 AA /I 

109.4 


T TAP XTA T TATA 

H9C — N 9 — H9D 


108.0 


p i o XT 1 A 1 1 

C18 — N10 — C17 


124.1 (5) 


p 1 O XT 1 A TT 1 A 

Clo — N 10 — H1U 


1 1 H A 

117.9 


pi 1 i~l XT1A TT1A 

Cl7 — NIO — HIO 


117.9 


Pi 1 O \TI 1 TTI 1 PI 

C18 — Nil — H11C 


120.0 


p 1 o XT11 TT11 T"\ 

Clo — Nil — H11D 


1 OA A 

120.0 


tti 1 p XT11 TT11 T"\ 

H11C — Nil — HI ID 


1 OA A 

120.0 


pi -io XT11 TTI T A 

C18 — N12 — H12A 


120.0 


pi -io XT11 TT1 ITi 

C18 — N12 — H12B 


120.0 


TT1 1 A \T1 1 TT1 in 

H12A — N 12 — H12B 


1 OA A 

120.0 


p ~) i\ XT1 ~) f'.A 

C20 — N 1 3 — Cu4 


111 i~i /o \ 

111.7 (3) 


p r\ p, XT1T TTI 1 A 

C20 — N13 — HI 3 A 


109.3 


p a XT1") TT1 T A 

Cu4 — N 1 3 — H 1 3 A 


109.3 


p r\ p, XT1T TT1 1 1~* 

C20 — N13 — H13B 


1 AA O 

109.3 


p, , A XT1T TT1 on 

Cu4 — N 1 3 — H 1 3 B 


1 AA 0 

109.3 


TT1 T A XT1T TT1 1 Vt 

H13A — N13 — H13B 


107.9 


f • ,\ XT1 A p T "> 

C24 — N 1 4 — C23 


121.6 (5) 


PI ^ x T 1 /I TT1 /I A 

C24 — N 1 4 — H 1 4 A 


1 1 A O 

119.2 


PO O XT1 /I TT1 /I A 

C23 — N 1 4 — H 1 4 A 


1 1 A O 

119.2 


p i~\ a XT1C TT1C f ' 

L24 — N 1 5 — H 1 5 C 


120.0 


r^^\ A TVT1 C TT1 CTN 

C24 — N 15 — H15D 


1 OA A 

120.0 


H15C — N 15 — H15D 


1 OA A 

120.0 


C24— N16— H16E 


120.0 


C24— N16— H16F 


120.0 


H16E— N16— H16F 


120.0 


CI— 01— Cul 


117.0(4) 


C7— 03— Cu2 


115.2 (4) 
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C15— CI 6— H16B 109.4 

CI 7— CI 6— H16B 109.4 

H16A— C16— H16B 108.0 

N10— C17— C16 110.6(5) 

N10— C17— H17A 109.5 

C16— C17— H17A 109.5 

N10— C17— H17B 109.5 

C16— C17— H17B 109.5 

H17A— C17— H17B 108.1 

Nil— C18— N12 121.8(6) 

Nil— C18— N10 119.8(6) 

N12— C18— N10 118.4(6) 

08— C19— 07 122.1 (5) 

08— C19— C20 120.5 (6) 

07— CI 9— C20 117.4(5) 

N13— C20— C19 109.7 (5) 

N13— C20— C21 111.9(5) 

C19— C20— C21 112.4(5) 

N13— C20— H20 107.6 

C19— C20— H20 107.6 

C21— C20— H20 107.6 

C20— C21— C22 111.4(5) 

C20— C21— H21A 109.3 

C22— C21— H21A 109.3 

C20— C21— H21B 109.3 

C22— C21— H21B 109.3 

02— CI— C2— Nl -155.8 (6) 

01— CI— C2— Nl 25.0(7) 

02— CI— C2— C3 -28.3 (8) 
01— CI— C2— C3 152.5(6) 
Nl— C2— C3— C4 -63.0(7) 
CI— C2— C3— C4 172.6 (5) 
C2— C3— C4— C5 -76.2 (7) 
C3— C4— C5— N2 176.8 (6) 

04— C7— C8— N5 -151.3(5) 

03— C7— C8— N5 29.7 (7) 

04— C7— C8— C9 -22.5 (8) 
03— C7— C8— C9 158.5(5) 
N5— C8— C9— CIO -70.3 (7) 
C7— C8— C9— CIO 166.4(5) 
C8— C9— CIO— Cll -87.2(7) 
C9— CIO— Cll— N6 -176.3(5) 
06— CI 3— C14— N9 167.7 (5) 

05— C13— C14— N9 -15.5 (8) 

06— C13— C14— C15 -70.8(7) 

05— C 1 3— C 1 4— C 15 1 06. 1 (6) 
N9— C14— C15— C16 -61.0(7) 
C13— C14— C15— C16 180.0(5) 



C13— 05— Cu3 115.0(4) 

C19— 07— Cu4 116.0(3) 

01— Cul— Nl 82.28 (18) 

01— Cul— C12 91.94(13) 

Nl— Cul— C12 166.55 (15) 

01— Cul— Cll 170.14(14) 
Nl— Cul— Cll 93.52 (13) 
C12— Cul— Cll 93.99 (6) 
03— Cu2— N5 82.67 (18) 
03— Cu2— C13 92.15 (13) 
N5— Cu2— C13 174.72 (14) 

03— Cu2— C14 166.08 (14) 
N5— Cu2— C14 91.82 (14) 
C13— Cu2— C14 93.46 (7) 
05— Cu3— N9 84.12(19) 
05— Cu3— C16 160.68 (15) 
N9— Cu3— C16 91.69(14) 

05— Cu3— C15 91.14(14) 
N9— Cu3— C15 168.54 (16) 
C16— Cu3— C15 96.10(7) 
07— Cu4— N13 83.92 (18) 
07— Cu4— C18 92.69 (13) 
N13— Cu4— C18 176.58 (14) 

07— Cu4— C17 161.90(13) 
N13— Cu4— C17 89.44(14) 
C18— Cu4— C17 93.93 (7) 

CIO— Cll— N6— C12 179.5(6) 

C13— C14— N9— Cu3 15.5 (6) 

C15— C14— N9— Cu3 -102.7(5) 

Nil— C18— N10— C17 4.9(11) 

N12— C18— N10— C17 -176.8(6) 

C16— C17— N10— C18 179.0(7) 

CI 9— C20— N13— Cu4 10.0 (6) 

C21— C20— N13— Cu4 -115.4(5) 

N16— C24— N14— C23 0.3 (10) 

N15— C24— N14— C23 177.8 (6) 

C22— C23— N14— C24 178.8 (6) 

02— CI— 01— Cul 172.4(5) 
C2— CI— 01— Cul -8.4(7) 

04— C7— 03— Cu2 169.3 (5) 
C8— C7— 03— Cu2 -11.8(7) 

06— C13— 05— Cu3 -175.7 (4) 
C14— C13— 05— Cu3 7.6(7) 

08— C19— 07— Cu4 -171.0(5) 
C20— C19— 07— Cu4 9.8(7) 
CI— 01— Cul— Nl -7.2 (5) 
CI— 01— Cul— C12 160.6 (4) 
C2— Nl— Cul— 01 20.6 (4) 
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C14 — CI 5 — C16 — C17 


-174.3 (6) 




C2— 


-Nl— 


Cul- 


-C12 




A A C /A\ 

-44.5 (9) 


C15 — CI 6 — C17 — N10 


-174.5 (6) 




C2— 


-Nl— 


Cul- 


-Cll 




-168.3 (4) 


L> o — C 1 9 — C20 — N 1 3 


167.0 (5) 




LI— 


-03— Cu2- 


-N5 




£ A ( A \ 

-6.4 (4) 


07 — C 1 9 — C20 — N 1 3 


-13.1 (7) 




LI— 


-03— Cu2— C13 




172.6 (4) 


/~\o /""^a ni 

(J o — C 1 9 — CzO — Cz 1 


-67.2 (7) 




LI— 


-03— 


Cu2- 






-73.7(7) 


/"\*7 pin PIA poi 

Ov — C 1 9 — C20 — C2 1 


112.0 (0) 




r^o 

C8— 


-N5— 


Cu2- 






23.0 (4) 


xti'j mA 

N 1 3 — C20 — C2 1 — C22 


-152.0 (5) 




C8— 


-N5— Cu2- 






169.9 (4) 


C19 — C20 — C21 — C22 


OA 1 //^\ 

84.1 (6) 




C13- 


-05- 


-Cu3- 


-N9 




1 H ( A \ 

1.7 (4) 


pin pn pn 
C2U — C21 — Czz — C23 


— 1 I Y.I (p) 




C13- 


-05- 


-Cu3- 


-C16 




OA A { £i\ 

oO.O (o) 


C21 — C22 — C23 — N 14 


-65.3 (7) 




C13- 


-05- 


-Cu3- 


-C15 




1 £H O f A \ 

-167.8 (4) 


C3 — C2 — N 1 — Cul 


-156.7 (4) 




C14- 


-N9— Cu3- 


-05 




1 A O i A \ 

-10.2 (4) 


CI — Cz — N 1 — Cul 


—28.9 (5) 




C14- 


-N9- 


-Cu3- 


-C16 




ni ■} / a\ 

-171.3 (4) 


XT/1 /"• /_ XT1 /"if 

N4 — Co — N2 — C5 


177.7 (7) 




C14- 


-N9- 


-Cu3- 


-C15 




f r o / 1 A\ 

55.8 (10) 


T\n C(* M? C"\ 






C19— 07- 


-Cu4- 


-N13 






C4— C5— N2— C6 


158.3 (7) 




C19- 


-07- 


-Cu4- 


-C18 




177.6 (4) 


C9— C8— N5— Cu2 


-159.9 (4) 




C19- 


-07- 


-Cu4- 


-C17 




66.2 (6) 


C7— C8— N5— Cu2 


-32.4 (5) 




C20- 


-N13 


— Cu4— 07 




-4.6 (4) 


N8— CI 2— N6— Cll 


-1.9(11) 




C20- 


-N13— Cu< 


1 — C17 




-167.7 (4) 


N7— CI 2— N6— Cll 


178.8 (6) 
















Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 




R-A 






D—A 


D — R-A 


C9— H9A -04 




0.97 




2.47 






2.805 (7) 


100 


C22— H224-08 




0.97 




2.57 






3.229 (8) 


125 


N13— H135-C12 




0.90 




2.62 






3.478 (5) 


161 


Nl— HL4-C18 




0.90 




2.52 






3.409 (5) 


168 


N5— H5C-C15 




0.90 




2.46 






3.341 (5) 


165 


N2— H2^-08 i 




0.86 




2.02 






2.857 (6) 


166 


N4— H4F-07' 




0.86 




2.16 






2.998 (7) 


164 


N10— H10-O4" 




0.86 




1.95 






2.791 (7) 


167 


N12— HI 25-03" 




0.86 




2.17 






2.975 (6) 


156 


N15— H15C-01 1 " 




0.86 




2.02 






2.873 (6) 


171 


N14— H14i-02 iS 




0.86 




2.01 






2.873 (6) 


176 


N6— H6-06 iv 




0.86 




1.99 






2.831 (6) 


167 


N7— H75-05 iv 




0.86 




2.15 






2.969 (7) 


160 


C20— H20-O3 v 




0.98 




2.57 






3.426 (7) 


145 


N3— H3C-C12 VI 




0.86 




2.38 






3.224 (7) 


165 


N7— H7^-C14 V1 




0.86 




2.63 






3.465 (6) 


164 


N8— H85-C13 vi 




0.86 




2.41 






3.269 (6) 


173 


Nil— H11C-C15™ 




0.86 




2.28 






3.134(6) 


170 


N12— H1Z4-C16™ 




0.86 




2.83 






3.574 (6) 


146 


N16— H16F-C18™ 




0.86 




2.32 






3.159(6) 


166 


Nil— H1LD-C14™ 




0.86 




2.71 






3.310(5) 


128 


C17— H17^-C15 viil 




0.97 




2.79 






3.588 (6) 


140 


C23— H23^-C18' x 




0.97 




2.73 






3.624 (7) 


154 


N16— h^-cii* 




0.86 




2.59 






3.314(5) 


142 


N8— H8^-C16 x 




0.86 




2.69 






3.300 (5) 


130 


N3— H3Z>-C17 XI 




0.86 




2.70 






3.329 (6) 


131 


N5— H5/>08 xil 




0.90 




2.33 






3.041 (7) 


136 
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C9— H9£07 xli 0.97 2.60 3.460(7) 148 

N13— H13^-04 v 0.90 2.54 3.081 (7) 120 

Symmetry codes: (i) -x, y+1/2, -z+ 1 ; (ii) -x+2, y~V2, -z+2; (iii) -x+ \,y-M2,-z+\; (iv) -x+ \,y+M2, -z+2; (v) x- 1 , y, z- 1 ; (vi) x, y+ 1 , z; (vii) x, y- 1 , z; 
(viii)-;t+l,y-l/2, -z+2; (ix) -x,y-l/2, -z+1; (x) -x+2, y+l/2, -z+2; (xi) -x+1, y+l/2, -z+1; (xii) x+\,y, z+1. 
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